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(57) ABSTRACT

An 1mage sensing systems supports independently setting
sensor parameters in two or more different regions of interest.
In one 1mplementation resolution, exposure time, and gain
are independently selectable in each region of interest. Inde-
pendently setting exposure time and gain 1n different regions
of 1nterest improves 1mage recognition when there are large
differences 1n the illumination of objects within an 1mage.
Independently setting resolution permits the resolution to be
selectively increased 1n regions of interest requiring high
resolution 1n order to reduce the pixel data bandwidth and
processing requirements.
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SYSTEM AND METHOD FOR INDEPENDENT
IMAGE SENSOR PARAMETER CONTROL IN
REGIONS OF INTEREST

FIELD OF THE INVENTION

The present 1nvention 1s generally related to techniques to
improve 1image quality in a region of interest. More particu-
larly, the present mvention is directed to improving image
quality 1n multiple regions of interest.

BACKGROUND OF THE INVENTION

There 1s increasing interest i improving the safety of
automobiles using on-board satety systems. One approach 1n
the prior art 1s the use of radar based collision avoidance
systems. For example, a radar based collision avoidance sys-
tem can provide information on the distance between cars
even when there 1s poor visibility. However, radar based auto-
motive systems can be expensive, with some radar systems
costing several thousand dollars.

Image sensors, such as Complementary Metal Oxide
Semiconductor (CMOS) 1mage sensors, detect light 1n the
visible and/or infrared wavelengths. Consequently image
sensors can also be utilized to improve automobile safety.
Conventionally, image sensors have been widely used as 1n
the context of rear-view automobile cameras to assist drivers
to safely park their cars. Such rear-view automobile camera
applications are inherently designed for low-speed, short dis-
tance collision avoidance. In such rear-view camera applica-
tions the resolution of the camera and the frame rate can be
comparatively low.

Forward-looking camera systems are also of interest to
improve automobile safety. Forward looking automobile
camera systems, such as that proposed in Pat. Pub. US 2007/
02421353, typically include an image recognition process to
automatically 1dentily objects within an image and adjust the
image sensor parameters across the entire 1mage based on
analyzing a region of interest and then readjusting a sensor
setting (e.g., gain for the entire 1mage). However, there 1s
substantial vibration and shock in automobiles, which makes
it difficult to integrate a zoom lens with a forward looking
camera system 1n a cost effective manner. Consequently, 1n
conventional forward looking automobile camera systems the
resolution may be too poor to effectively support many desir-
able applications. Additionally, prior art forward looking
automobile camera systems, such as that disclosed 1 US
2007/0242133 typically provide only a very limited capabil-
ity to control a limited subset of sensor parameters (e.g., gain)
for the entire 1image based on analysis of a single region of
interest. As a consequence of the combination of these limi-
tations, conventional forward looking automobile camera
systems can not be used 1n a cost-etffective manner to support
the suite of safety applications that automobile designers
desire.

Therefore, what 1s desired 1s an improved forward looking
image sensing system and method applicable to support auto-
mobile safety applications.

SUMMARY OF THE INVENTION

An 1mage sensor includes an array of pixels. The image
sensor 1s designed to permit image sensor parameters to be
independently set 1n two or more different portions of the
image sensor. In one implementation resolution, exposure
time, and gain are independently selectable 1n two or more
different regions of interest.
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One embodiment of an 1image sensing system includes an
image sensor having an array of pixels to capture images. A
controller independently sets 1image sensor parameters 1n a
plurality of regions of interest with the controller selecting
default image sensor parameter 1n other portions of the image
outside of the plurality of regions of interest. A processor
receives 1mage data from the 1mage sensor and identifies
regions ol interest. The processor provides control signals to
the 1mage sensor to selectively adjust image sensor param-
cters 1n each of the plurality of regions of interest.

One embodiment of a method of operating an 1mage sensor
includes 1dentitying regions of interest in an image. Each
region of interest corresponds to an 1mage recognition detec-
tion task. A minimum pixel resolution, pixel exposure time,
and pixel gain are selected for each region of interest based on
the corresponding image recognition detection task. The
minimum pixel resolution, pixel exposure time, and pixel
gain are adjusted in each region of interest based on the
selection.

BRIEF DESCRIPTION OF THE FIGURES

The mvention 1s more fully appreciated in connection with
the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a block diagram of an 1mage sensing system 1n
accordance with one embodiment of the present invention;

FIG. 2 1s a method flow chart in accordance with one
embodiment of the present invention;

FIG. 3 15 a block diagram 1llustrating sub-modules to sup-
port multiple ROIs 1n accordance with one embodiment of the
present invention;

FIG. 4 1llustrates two ROIs on an 1image;

FIG. 5 1illustrates independent parameter selection in the
ROIs of FI1G. 4;

FIG. 6 illustrates an example of an 1mage having multiple
ROIs with different settings of gain, exposure, and resolution
in accordance with one embodiment of the present invention;
and

FIG. 7 illustrates another example of an illustrative scene
for a forward looking automobile camera application 1n
which multiple ROIs are supported in accordance with one
embodiment of the present invention.

Like reference numerals refer to corresponding parts
throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1llustrates an exemplary image sensing system 100
in accordance with one embodiment of the present invention.
An mmage sensor 105 includes a pixel array 108 with a maxi-
mum inherent pixel resolution based on a total maximum
number of pixels. As an illustrative example, 1mage sensor
105 may be a CMOS 1mmage sensor having a pixel resolution
of 4-to-10M pixels or higher when operated in a full resolu-
tion mode. An exemplary frame rate for automotive applica-
tions 1s the range o1 30-60 frames per second. However, image
sensor 105 also supports sub-sampling, 1.e., a mode of opera-
tion 1n which data 1s collected for only a pre-selected fraction
ol the pixels with, for example one pixel representing a larger
group of pixels. As an 1llustrative example, the sub-sampling
frequency may be selected such that the effective resolution 1s
reduced by a factor of 4 to 10.

Operating 1mage sensor 105 at sub-sampling frequencies
reduces the power consumption and heat generation of 1image
sensor 105 since the clock rate may be reduced. More impor-
tantly, it reduces the pixel data rate on bus 130 (1.e., number of
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pixels for which data 1s transported per unit time) sent for
processing to 1mage processor 150. This permits, 1n turn,
image processor 150 to have reduced power consumption,
heating, and processing requirements. Additionally, reducing
the rate at which pixel data 1s transported on bus 130 reduces
bus bandwidth and -electromagnetic interference (EMI)
shielding requirements for bus 130. In particular, for frame
rates of 30-60 frames per second a full high resolution mode
for an 1mage processor having 4M-10M pixel resolution
would require a substantial image buifer capacity and have
stringent electromagnetic compatibility (EMC) requirements
requiring more stringent shuelding of bus 130.

In one embodiment 1image sensor 105 has a sensor control-
ler 110 that includes a region of interest (ROI) configuration
controller 112. The ROI configuration controller 112 1s
responsible for setting image sensor parameters such as pixel
exposure time, gain, and resolution of the pixels within each
ROI. ROI controller 112 may be implemented 1n hardware,
software, or firmware. In one embodiment, two or more dif-
terent ROIs can each have image sensor parameters indepen-
dently set to improve 1mage recognition reliability. This per-
mits, for example, exposure time and gamn to be
independently set for each ROI. Additionally, in one imple-
mentation the resolution 1s 1ndependently selected 1n each
ROI. For example, a minimum resolution may be defined 1n a
ROI appropriate to achieve reliable 1mage detection for a
selected 1mage recognition task. However, other portions of
the same 1mage may have a lower (default) resolution to
reduce the average pixel data rate.

A variety of techniques may be used to set the exposure
time of pixels across the 1image sensor. In one 1implementa-
tion, the 1mage sensor 105 sets a default exposure time of
pixels across the pixel array 108 using any conventional tech-
nique, such as setting the exposure time and gain based on
illumination of the image as a whole. However, 1n a ROI the
exposure time and gain 1s independently set for the 1llumina-
tion within the ROI using, for example, an average based or
histogram based technique.

In one embodiment, image processor 150 includes an

image analyzer 155 to analyze image data recerved from
image sensor 105. A ROI analyzer 160 1dentifies ROIs within
an 1mage and generates control parameters for each ROI that
are sent to sensor controller 110 via bus 1335 to adjust sensor
parameters in ROIs 1n subsequent frames. For example, the
statistical characteristics of the pixel data within a ROI may
be analyzed to determine an adjustment to exposure time and
gain to improve 1mage recognition for a particular applica-
tion. As one example, the resolution may be increased from a
low default value to a high maximum value in a ROI based on
an 1mage recognition criteria. Alternatively, the resolution
may be iteratively increased in steps (over a sequence of
frames) based on an analysis of an 1mage recognition criteria
by 1mage analyzer 155. For example, i1 the ROI 1s a tratfic
light the resolution could either be step changed to a maxi-
mum value or alternatively the resolution gradually increased
over a sequence of frames until details of the traific light were
resolvable.
In some applications it 1s desirable to support an iirared
light mode, such as night driving applications. An infrared
light source 170 may be included to provide inirared 1llumi-
nation. In this embodiment image sensor 105 would include
pixels that are sensitive to infrared. As anillustrative example,
in an automotive implementation inirared light source 170
may be used to 1lluminate the road ahead with infrared light to
support image recognition via infrared light.

It will be understood that the division of tasks performed by
image analyzer 155 and ROI analyzer 160 may vary depend-
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ing on implementation details. As an illustrative example, 1n
one embodiment after an initial 1image analysis 1n 1mage
analyzer 155 1s completed a preliminary identification of
ROIs 1s provided to ROI analyzer 160. ROI analyzer 160 then
determines 1image sensor parameter adjustments 1n each ROI
that are required to reliably complete a desired 1image recog-
nition task, such as adjusting a pixel exposure time, pixel
gain, and a minimum resolution 1n the ROI. According to an
embodiment of the present invention, the resolution 1s selec-
tively 1increased 1n one or more regions of mterest (ROIs) 1
required to achieved reliable image detection. For image rec-
ognition tasks this 1s equivalent to performing a zoom opera-
tion 1n a ROI. In many 1mage recognition applications the
total area of a ROI 1s small compared to the total image area.
Consequently, by selectively increasing the resolution 1in
ROIs requiring increased resolution the effective (average)
pixel data rate on bus 130 1s kept at an average level that 1s
much lower than would be the case 11 the entire 1mage sensor
105 was continuously operated 1n a full high resolution mode.

FIG. 2 1s a high-level flow chart 1llustrating an exemplary
process. An1mage 1s analyzed in step 205. ROIs are 1identified
and control signals are generated for the ROIs 1n step 210. In
the 1mage sensor the resolution, exposure time, and gain 1s
adjusted for each ROI 1n step 215.

FIG. 3 illustrates exemplary software sub-modules 1n
image processor 150 to support multiple ROIs 1n a forward
looking automobile camera application 1n accordance with
one embodiment of the present invention. In one implemen-
tation the soiftware sub-modules are stored in a computer
readable memory associated with 1mage analyzer 155 and
ROI analyzer 160. In this example, there 1s a set of 1mage
recognition sub-modules, such as a license plate detection
sub-module 305, a headlight detection sub-module 310, a
pedestrian detection sub-module 315, a road sign detection
sub-module 320, a stoplight detection sub-module 325, a lane
detection sub-module 330, and a brake light detection sub-
module 335. Each of the image recognition sub-modules 310,
315, 320, 325, 330, and 335 may, for example, generate an
initial determination of a ROI such as a potential license plate,
a potential headlight, a potential pedestrian, a potential road
sign, a potential stop light, a potential traific lane, or a poten-
t1al brake light based on shape and/or other image recognition
considerations. In one implementation the image recognition
sub-modules 310, 315, 320, 330, and 335 are associated with
the 1image analyzer 155. ROI image sensor adjustment sub-
modules 355, 360, 365, 370, 375, 380, and 385 are provided
to independently adjust image sensor parameters (resolution,
exposure and/or gain) 1 each ROI to achieve reliable image
recognition. In one implementation the ROI 1mage sensor
adjustment sub-modules 355, 360, 365, 370, 375, 380, and
383 are associated with ROI analyzer 160. Note that 1n the
case of multiple ROIs a single exposure time and gain may be
inadequate to achieve reliable 1mage recognition 1f there are
different 1llumination conditions in each ROI. Additionally,
note that image recognition 1s further complicated by the
possibility that objects in each ROI may be located at different
distances from the 1image sensor, have different physical sizes
and have different minimum required distances for detection.
Thus, the minimum required 1mage sensor resolution may
differ for each ROI. However, 1n accordance with the example
of FIG. 3, pixel exposure, gain, and a minimum resolution
may be independently set 1n each ROI appropriate to achieve
reliable 1mage recognmition for a set of different image recog-
nition tasks.

FIG. 4 illustrates an exemplary example 1n which an 1mage
400 has two ROIs, namely a first ROI 405 corresponding to a
stop s1gn and a second ROI 410 corresponding to a stop light.
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In the most general case, the stop sign and the stop light may
be at different distances from the image sensor. Additionally,
the 1llumination conditions of the stop sign and the stop light
may be quite different from each other, particularly at ditter-
ent times of the day.

FI1G. 5 illustrates the resolution, exposure time, and gain in
cach ROI of image 400. In most of the 1image sensor a default
exposure time and gain 1s used along with a default (low)
resolution (low res 1, exp 1, gain 1). For example, the default
pixel exposure time and default gain may be set based on
characteristics of the image as a whole. However, first ROI
405 has 1ts pixel resolution, (Res 2), exposure time (exp 2),
and first gain (gain 2) independently selected. Second ROI
410 has a second pixel resolution (Res 3), a second exposure
time (exp 3), and a second gain (gain 3) independently
selected. Thus, 1n this example the sensor parameters 1n each
ROI are separately selectable to improve the 1image recogni-
tion reliability of different ROIs. Additionally, as can be seen
in this illustrative example, the total area of the ROIs may still
be a small fraction of the total image area, thus reducing the
amount of pixel data generated compared to the case that the
entire 1mage sensor was operated 1 a full high resolution
mode.

FIG. 6 illustrates an example of an illustrative 1image in a
torward-looking automobile camera application. The scene
corresponds to a night driving example 1n which there 1s a car
located a short distance ahead from a forward-looking auto-
mobile camera, a road sign positioned farther ahead in the
distance, and a stop light. In this example the different 1llu-
mination conditions would make 1t impractical to use a com-
mon exposure time to achieve reliable image recognition for
every ROI. Moreover, 1n this example the minimum resolu-
tion required for reliable image recognition will differ in each
ROI. A tratffic light ROI 601 corresponds to a comparatively
brightly lit region (compared to other objects under night time
illumination) and requires a reduction 1n gain and exposure
time to reliably identity which of three lights (red, green, or
yellow) 1s 1lluminated. The road sign ROI 603 corresponds to
a dimly l1t ROI (under night time 1llumination) for a road sign
located at a distance from the camera. Thus, 1n this example,
the resolution, exposure time, and gain are increased for
reliable 1mage recognition of a road sign in ROI 602. The
license plate ROI 603 corresponds to a license plate that 1s
comparatively close to the camera and that 1s brightly 11t by
car headlights. Consequently, the resolution may be leit at a
default value but the gain and exposure time are reduced 1n
ROI 603 to achieve reliable image recognition of the license
plate.

FI1G. 7 illustrates another example of an illustrative scene
for a forward looking automobile camera application 1n
which multiple ROlIs are supported. In this example the image
recognition ROIs can include pedestrian detection ROI 701,
headlight detection ROI 702, stop light detection ROI 703,
road sign detection ROI 704, lane detection ROI 705, license
plate detection ROI 706, brake light detection ROI 707, and
lane detection ROI 708. Note that 1n this example the 1llumi-
nation of objects within each ROI varies widely (e.g., the
pedestrian ROI 701 1s dimly 11t whereas the brake light ROI
707 1s brightly I1t). Additionally, note that relative distances of
ROIs from the camera varies. For example, the pedestrian
ROI 701 1s located farther away from the camera than the
license plate ROI 706. Moreover, 1n an automobile safety
application, each image recognition task may have a different
desired mimmum detection distance. Consequently, 1t will be
understood that independently adjusting pixel exposure time,
gain, and resolution in multiple ROIs permits a suite of dii-
ferent automobile safety applications to be supported.
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Embodiments of the present mvention have numerous
automotive applications, to either replace or enhance conven-
tional radar collision avoidance systems. For night vision
applications, an infrared light source may be used to perform
collision detection/avoidance actions.

While examples of applications have been provided of
automobile applications, 1t will be understood that other
applications are contemplated for embodiments of the image
sensing system of the present invention in which there are two
or more ROIs and/or a need to adjust resolution 1n a single
ROI. As one example, an embodiment of the image sensing
system may be used to monitor a road or highway. In such
road monitoring applications, license plate detection may be
desirable. Additionally, in road monitoring applications it
may be useful to monitor other aspects of the cars and the
road, such as detecting potential road hazards. As one
example of a road monitoring application, an 1mage sensing
system monitoring a car pool lane could monitor information
associated with vehicles in the car pool lane (e.g., detection of
the number of occupants of a car driving 1n a car pool lane)
and also support license plate detection. In another embodi-
ment, the image sensing system 1s used for security applica-
tions. In security applications 1t may be desirable to selec-
tively adjust resolution 1n a ROI, such as a ROI corresponding
to aperson’s face. Additionally, in many security applications
the 1llumination will vary across a frame and there may be
different ROIs corresponding to different image detection
tasks. For example, 1in a security application the image detec-
tion tasks could include detecting cars, pedestrians, and
trucks entering a site and under a variety of i1llumination
conditions.

As previously described, some of the operations performed
on the 1image processor and/or the 1image processor may be
implemented as software sub-modules. Consequently, 1t will
be understood that an embodiment of the present invention
relates to a computer storage product with a computer-read-
able medium having computer code thereon for performing
various computer-implemented operations. The media and
computer code may be those specially designed and con-
structed for the purposes of the present invention, or they may
be of the kind well known and available to those having skall
in the computer software arts. Examples of computer-read-
able media 1nclude, but are not limited to: magnetic media
such as hard disks, floppy disks, and magnetic tape; optical
media such as CD-ROMSs, DVDs and holographic devices;
magneto-optical media; and hardware devices that are spe-
cially configured to store and execute program code, such as
application-specific imntegrated circuits (“ASICs”), program-
mable logic devices (“PLDs””) and ROM and RAM devices.
Examples of computer code include machine code, such as
produced by a compiler, and files containing higher-level
code that are executed by a computer using an interpreter. For
example, an embodiment of the imvention may be imple-
mented using Java, C++, or other object-oriented program-
ming language and development tools. Another embodiment
of the invention may be implemented 1n hardwired circuitry
in place of, or 1n combination with, machine-executable soft-
ware 1nstructions.

The foregoing description, for purposes ol explanation,
used specific nomenclature to provide a thorough understand-
ing of the invention. However, 1t will be apparent to one
skilled 1n the art that specific details are not required 1n order
to practice the invention. Thus, the foregoing descriptions of
specific embodiments of the invention are presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the ivention to the precise forms
disclosed; obviously, many modifications and variations are
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possible 1n view of the above teachings. The embodiments
were chosen and described 1n order to best explain the prin-
ciples of the invention and 1ts practical applications, they
thereby enable others skilled 1n the art to best utilize the
invention and various embodiments with various modifica-
tions as are suited to the particular use contemplated. It 1s
intended that the following claims and their equivalents
define the scope of the invention.

The mvention claimed 1s:
1. An 1mage sensing system, comprising:
an 1mage sensor having an array of pixels to capture an
1mage;
a controller to independently set image sensor parameters
in two or more different portions of the image sensor
corresponding to a plurality of regions of interest with
the controller selecting default image sensor parameters
in other portions of the 1image outside of the plurality of
regions of interest; and
a processor receiving 1mage data from the 1mage sensor,
the processor 1dentifying regions of interest, the proces-
sor comprising a plurality of sub-modules each support-
ing a respective region of mterest, the plurality of sub-
modules providing control signals to the 1image sensor to
selectively adjust image sensor parameters 1n each of the
plurality of regions of interest according to an 1mage
recognition criterion,
wherein the captured 1mage comprises:
two or more different portions having two or more set
resolutions and at least one additional portion non-
overlapping with the two or more different portion
and having a lower default resolution,

an average pixel data rate that 1s lower than that of an
image having full high resolution mode,

an amount of pixel data which is less than that of the tull
high resolution mode 1image, and

wherein the 1mage sensor parameters comprise resolution,
exposure, and gain.

2. The image sensing system of claim 1, wherein

the controller independently sets a local pixel exposure
time and pixel resolution 1 each of the plurality of
regions ol interest,

the controller selects a minimum resolution and pixel expo-
sure time 1n other portions of the 1image outside of the
plurality of regions of interest, and

an amount of image data received by the processor from the
image sensor for a given image cannot exceed an amount
of data contained in the array of pixels.

3. The image sensing system of claim 2, wherein the con-
troller selects resolution by selecting a pixel sub-sampling,
rate.

4. The image sensing system of claim 2, wherein a mini-
mum pixel resolution 1s at least a factor of four lower than a
maximum 1mage sensor resolution for a region of iterest.

5. The 1image sensing system of claim 2, wherein a mini-
mum pixel resolution 1s at least a factor of ten lower than a
maximum 1mage sensor resolution for a region of interest.

6. The 1image sensing system of claim 2, wherein for the
plurality of regions of interest, each region of interest has the
gain, exposure, and resolution independently selected based
on an 1mage recognition detection task.

7. The 1mage sensing system of claim 6, wherein each
image recognition detection task 1s a forward looking camera
automobile detection task selected from the group consisting
of pedestrian detection, headlight detection, stop light detec-
tion, road sign detection, license plate detection, brake light
detection, and lane detection.
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8. The image sensing system of claim 2, the system further
comprising an inirared light source 1lluminating an object for
capturing the 1mages.
9. The image sensing system of claim 2, wherein exposure
time 1n regions ol interest 1s based on at least one of an average
value or a histogram.
10. The image sensing system of claim 2, wherein resolu-
tion 1n a region of interest 1s 1teratively increased 1n steps until
an 1image recognition criterion 1s satisfied.
11. The image sensing system of claim 2, wherein resolu-
tion 1n a region of interest 1s increased from the minimum
image resolution to a maximum 1mage resolution.
12. An 1mage sensing system, comprising:
an 1mage sensor having an array of pixels to capture an
1mage;
a controller to selectively adjust a pixel resolution and
exposure time 1n two or more different portions of the
image sensor corresponding to regions ol interest of the
captured 1image 1n response to control signals according
to an 1mage recognition criterion; and
an 1mage processor for recerving pixel data from the image
sensor and analyzing images, the i1mage processor
including a plurality of sub-modules to provide the con-
trol signals,
the 1mage sensor having a maximum achievable pixel reso-
lution determined by the array of pixels with the image
sensor providing pixel data at a reduced pixel resolution
in areas outside of regions of interest to reduce an aver-
age data rate of pixel data output from the 1mage sensor
for processing,
wherein the captured image comprises:
two or more different portions having two or more set
resolutions and at least one additional portion addi-
tional portion non-overlapping with the two or more
different portion and having a lower default resolu-
tion,

an average pixel data rate that 1s lower than that of an
image having full high resolution mode,

an amount of pixel data which 1s less than that of the tull
high resolution mode 1image.

13. The image sensing system of claim 12, wherein said
1mage sensor sub-samples pixels 1n areas outside of regions of
interest.

14. The image sensing system of claim 13, wherein said
image sensor increases pixel resolution 1n a selected region of
interest by selectively increasing the sub-sampling rate in the
selected region of interest.

15. An 1mage sensing system, comprising:

an 1mage sensor having an array ol pixels to capture images
and including a controller to independently set a local
pixel exposure time and pixel resolution 1n two or more
different portions of the image sensor corresponding to a
plurality of regions of interest of a captured 1mage, the
image sensor having a maximum achievable pixel reso-
lution determined by the array of pixels with the 1mage
sensor providing pixel data at a reduced pixel resolution
in areas outside of regions of interest to reduce an aver-
age data rate of pixel data output from the 1mage sensor
for processing; and

an 1mage processor mcluding image analysis modules to
support a plurality of different automobile 1mage recog-
nition detection tasks, the 1image processor recerving
image data from the 1image sensor, identifying regions of
interest for the different image recognition detection
tasks, the 1image processor comprising a plurality of
sub-modules for determining adjustments to exposure
time, resolution, and gain for each region of interest to
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perform a selected image recognition detection task, and
providing control signals to the 1image sensor to selec-
tively adjust the resolution and exposure time in each
region of interest according to an 1mage recognition
criterion,

wherein the captured 1mage comprises:

two or more different portions having two or more set
resolutions and at least one additional portion non-
overlapping with the two or more different portion
and having a lower default resolution,

an average pixel data rate that 1s lower than that of an
image having full high resolution mode,

an amount of pixel data which 1s less than that of the full
high resolution mode 1image.

16. The 1image sensing system of claim 15, wherein the
automobile 1mage recognition detection tasks are selected
from the group consisting of pedestrian detection, headlight
detection, stop light detection, road sign detection, license
plate detection, brake light detection, and lane detection.

17. An 1mage sensing system to support forward-looking
automobile camera applications under 1llumination condi-
tions 1 which there 1s a large range of variation in light
intensity from different objects 1n an 1image, comprising;:

an 1mage sensor having an array of pixels to capture images

and including a controller to independently set a local
pixel exposure time and gain 1n two or more different
portions of the image sensor corresponding to multiple
regions ol interest of a captured 1image; and

an 1mage processor mcluding image analysis modules to

support multiple different automobile image recognition
detection tasks, the 1mage processor recerving image
data from the image sensor, 1dentifying regions of inter-
est for the different 1mage recognition detection tasks,
the 1image processor comprising a plurality of sub-mod-
ules for determining adjustments to exposure time and
gain for each region of interest to perform a selected
image recognition detection task, and providing control
signals to the image sensor to selectively adjust the pixel
exposure time and gain in each region of interest accord-
ing to an 1mage recognition criterion,

wherein the captured 1mage comprises:

two or more different portions having two or more set
resolutions and at least one additional portion non-
overlapping with the two or more different portion
and having a lower default resolution,
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an average pixel data rate that 1s lower than that of an
image having full high resolution mode.

18. The image sensing system of claim 17, wherein the
automobile 1mage recognition detection tasks are selected
from the group consisting of pedestrian detection, headlight
detection, stop light detection, road sign detection, license
plate detection, brake light detection, and lane detection.

19. A method of operating an 1mage sensor coupled to a
processor comprising a plurality of sub-modules, compris-
ng:

capturing an 1mage;

identifying regions of interest 1in the captured 1mage, each

region of interest corresponding to an 1image recognition
detection task, each region of interest not-overlapping
with each other region of interest;

for each region of interest, selecting a minimum pixel

resolution, pixel exposure time, and pixel gain based on
the corresponding 1image recognition detection task; and
adjusting pixel resolution, pixel exposure time, and pixel
gain 1n two or more different portions of the image
sensor corresponding to the regions of interest based on
control signals from the plurality of sub-modules,
wherein at least two of the regions of interest have at least
two set resolutions and at least one additional region of
interest 1s non-overlapping with the at least two of the
regions of interest and has a lower defaultresolution, and
wherein the captured 1mage comprises:
an average pixel data rate that 1s lower than that of an
image having full high resolution mode, and
an amount of pixel data which 1s less than that of the full
high resolution mode 1image.
20. The method of claim 19, further comprising selecting a

pixel resolution 1n 1mage areas outside ol regions of interest to
have a reduced pixel resolution.

21. The method of claim 19, wherein said adjusting 1s
performed iteratively over a sequence of images frames until
an 1mage recognition criterion 1s satisiied for each region of
interest.

22. The mmage sensing system of claim 1, wherein the
image sensor parameters are selectively adjusted iteratively
over a sequence of 1mages until the 1mage recognition crite-
rion 1s satisfied for each region of interest.
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